Abstract: Due to the rapidly growing bacterial antibiotic-resistance and the scarcity of novel agents in development, bacterial infection is still a global problem. Therefore, new types of antibacterial agents, which are effective both alone and in combination with traditional antibiotics, are urgently needed. In this paper, a series of antibacterial ocotillol-type C-24 epimers modified from natural 20(S)-protopanaxadiol were synthesized and evaluated for their antibacterial activity. According to the screening results of Gram-positive bacteria (B. subtilis 168 and MRSA USA300) and Gram-negative bacteria (P. aer PAO1 and A. baum ATCC19606) in vitro, the derivatives exhibited good antibacterial activity, particularly against Gram-positive bacteria with an minimum inhibitory concentrations (MIC) value of 2-16 µg/mL. The subsequent synergistic antibacterial assay showed that derivatives 5c and 6c enhanced the susceptibility of B. subtilis 168 and MRSA USA300 to chloramphenicol (CHL) and kanamycin (KAN) (FICI < 0.5). Our data showed that ocotillol-type derivatives with long-chain amino acid substituents at C-3 were good leads against antibiotic-resistant pathogens MRSA USA300, which could improve the ability of KAN and CHL to exhibit antibacterial activity at much lower concentrations with reduced toxicity.
Introduction
Therapeutic control of multidrug resistant bacteria has been emphasized in the area of global public health [1] . The generation of drug-resistant bacteria, such as MRSA USA300, has developed much faster than the development of new antimicrobial drugs. As the most common bacteria in blood-borne infection, MRSA USA 300 could cause lethal diseases, including severe sepsis, necrotizing pneumonia, and necrotizing fasciitis, all of which pose a serious threat to human health [2] [3] [4] [5] [6] . The first choice for the treatment of MRSA in clinic is vancomycin. However, the unreasonable use of vancomycin has further led to the production of vancomycin resistant strains [7] . Additionally, there are many side effects associated with long-term drug use. For example, chloramphenicol (CHL) can lead to aplastic anemia, granulocyte deficiency, double infection and gray baby syndrome [8, 9] . Kanamycin (KAN) has many side effects, including ototoxicity, renal toxicity, hematopoietic system toxicity and neuromuscular blocking effects etc. [10, 11] . Therefore, there is an urgent need to develop novel antibacterial agents to cure antibiotic-resistant bacteria infections, which can be used alone or in combination with traditional antibiotics to enhance their effectiveness and reduce their side effects.
Natural products have been the most effective source of leading compounds for the development of drugs, particularly anticancer and anti-infective agents [12] . Natural triterpenoids, including sterols, steroids and saponins, form a wide family of compounds, biosynthesized by cyclization reactions from 2,3-epoxysqualene [13] . These compounds have been used in traditional medicine and therefore have been studied for their anti-inflammatory, antimicrobial, anticancer and anti-HIV effects [14] [15] [16] [17] .
Ocotillol (Figure 1 ), isolated from Fouquieria splendens engelm, bears a characteristic tetrahydrofuran ring at C-20 [18] . Studies have shown that ocotillone ( Figure 1 ) isolated from the stem bark of ailanthus altisshima has potent antibacterial activities against P. aeruginosa and S. typhimurium, without hemolytic activity [19] . In our previous studies, ocotillol-type epimers OR and OS were synthesized from 20(S)-protopanaxadiol (PPD) (Figure 1 ) [20] . Many ocotillol-type analogs, such as OS, D1, D2, D3 (Figure 1 ), showed antibacterial activity against Gram-positive bacteria and demonstrated outstanding synergistic effects with CHL and KAN. For example, the minimum inhibitory concentrations (MIC) of KAN combining with D1 against MRSA USA300 was reduced from 0.25 µg/mL to 0.0625 µg/mL [21] [22] [23] . Thus, ocotillol analogs with good synergistic activity against MRSA USA300 hold the potential to become leads of novel antibiotic-resistant agents with unique mechanisms. The synthesis of new ocotillol-type derivatives, followed by antibacterial evaluations, are described in this study. 
Results and Discussion

Synthesis of Ocotillol-Type Derivatives
As previously described [20] , in the synthesis of epimers OS and OR, PPD was chosen as the starting material. Firstly, PPD was protected with acetic anhydride under the catalysis of DMAP, then oxidized by m-CPBA, and finally deprotected by potassium hydroxide to obtain OS and OR with the 
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Antibacterial Activity
Initial MIC screening results are shown in Figure 2 . The results showed that most of the ocotilloltype derivatives had moderate to good inhibitory activity against Gram-positive bacteria with MIC values of about 2-32 µg/mL, but had no effect on Gram-negative bacteria. The data illustrated that, with unprotected primary amine groups, all target compounds showed good inhibitory activity against B. subtilis 168 with MIC values of about 2-16 µg/mL, and against MRSA USA300 with MIC values of about 4-16 µg/mL, except 6e. The study found that, among the synthesized compounds, 5d was the most active compound against B. subtilis 168, with a MIC value of 2 µg/mL, while 6c and 6d showed the most potent activity against MRSA USA300, with a MIC value of 4 µg/mL. Among these derivatives, iii) KOH 1a-e Scheme 1. Synthesis of ocotillol-type derivatives 5a-e and 6a-e.
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Synergistic Antibacterial Activity
According to Figure 4 , the MIC of kanamycin (KAN) and chloramphenicol (CHL) against MRSA USA300 and B. subtilis 168 significantly decreased when combining compounds 5c and 6c at half-MIC, and the synergistic effect was significant (FICI < 0.5, According to the literature [24] : FICI = FIC A + FIC B = (MIC A+B /MIC A ) + (MIC A+B /MIC B ). When FICI value was less than or equal to 0.5, it has a synergistic effect). Compounds 5c and 6c could decrease the MICs of KAN or CHL against MRSA USA300, and the MICs were all less than 0.0078 µg/mL (FICI < 0.0088, 0.0098, 0.0029, 0.0039). Synergistic activity against B. subtilis 168 was also observed during the combination of 5c and 6c with KAN or CHL (FICI = 0.2656, 0.2656, 0.0938, 0.3750). In contrast, when 5c (or 6c) was combined with KAN, the bactericidal activity of KAN against MRSA USA300 was significantly enhanced from 4 µg/mL to 0.25 (or 1) µg/mL. For B. subtilis 168, potent bactericidal effects were also observed during the combination of KAN with 5c and 6c. Surprisingly, CHL alone was bacteriostatic, but possessed bactericidal effect when combined with 6c, with MBC value of 2 µg/mL against MRSA USA 300 and 0.5 µg/mL against B. subtilis 168. 
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Materials and Methods
Chemical Reagents and Instruments
The majority of chemicals and reagents used in the experiment was analytically pure and was purified and dried with standard methods when necessary. 1 H-NMR and 13 C-NMR spectra were measured using a Bruker AV-300 spectrometer in the specific solvents (Tetramethyl silane (TMS) as internal standard): the chemical shifts are expressed with δ values (ppm) and the coupling constants (J) with Hz. High-resolution mass spectra were measured using an Agilent QTOF 6520.
General Procedure for the Synthesis of (20S,24S)-Epoxy-dammarane-3β,12β,25-triol (OS) and (20S,24R)-Epoxy-dammarane-3β,12β,25-triol (OR)
Compounds OR and OS were prepared from PPD according to the published procedures [18, 21] .
General Procedure for the Synthesis of Compounds 5a-e and 6a-e
To a solution of sodium hydroxide (800 mg, 19.5 mmol) and di-tert-butyl dicarbonate (4.3 g, 19.5 mmol) in tertiary butyl alcohol (11 mL) and H 2 O (9 mL) the corresponding amino acids 1a-e (19.5 mmol) were added. After the mixture was stirred at room temperature for 16 h, diluted with 10% HCl (100 mL), and extracted with ethyl acetate, and the organic layer was washed with water and brine successively, dried over anhydrous sodium sulfate, filtered and concentrated to give 2a-e.
To a solution of 2a-e (1.5 eq.), dry dichloromethane EDCI (1.0 eq.) and DMAP (1.0 eq.) were added, and the mixture was stirred at room temperature for 1 h. Then, OS (or OR) (1.0 eq.) was added. After stirring for 12 h, the mixture was removed in vacuo and diluted by ethyl acetate, washed with water and brine, dried over anhydrous sodium sulfate, filtered, concentrated, and purified by column chromatography over silica gel (8:1-6:1 petroleum ether: ethyl acetate) to give 3a-e (or 4a-e).
To a solution of intermediates 3a-e (or 4a-e) (1 eq.), trifluoroacetic acid (2 eq.) was added under an ice bath. After stirring at room temperature for 3 h, the mixture was removed in vacuo and purified by column chromatography over silica gel (30:1-10:1 dichloromethane: methanol) to give 5a-e (or 6a-e).
(20S,24S)-Epoxy-3β-O-(3-aminopropionyl)-dammarane-12β,25-diol (5a). Yellow oily matter, 72% yield. CDCl 3 ) δ 173.4, 87.4, 87.1, 80.8, 70.5, 70.2, 56.0,  52.1, 50.1, 48.9, 48.8, 39.8, 38.6, 37.9, 37.1, 34.7, 34.4, 32.2, 31.7, 31.0, 28.9, 28.5, 28.0, 27.8, 27.7, 27.1, 26.0,  25.2, 24.4, 24.1, 23.7, 18.2, 17.8, 16.5, 16.3, 15 
Pharmacology
The antibacterial and synergistic activity experiment was carried out as described previously [23, 26] . The antibacterial activity was screened in vitro, and the minimum inhibitory concentrations (MIC) were determined against Gram-positive bacteria (B. subtilis 168 and MRSA USA300) and Gram-negative bacteria (P. aeruginosa PAO1 and A. baumannii ATCC19606). These pathogens have been commonly used to screen antibacterial compounds. Compounds with good inhibitory activity were selected to determine their bactericidal activity. The minimum bactericidal concentration (MBC) was determined against B. subtilis 168 and MRSA USA300 using a standard LB medium dilution technique. B. subtilis 168 was the tool strain used to research the antibacterial mechanism. MRSA USA300 was the drug-resistant strain used to evaluate anti-drug-resistant candidates [4, 22] . Kanamycin was used as a positive control.
Conclusions
In summary, ten novel 3-substituted ocotillol-type derivatives from natural PPD were synthesized and evaluated for antimicrobial activity. According to the results of antibacterial tests in vitro, derivatives with a primary amine at C-3 were found, and these compounds possessed good antibacterial activity against Gram-positive bacteria, such as B. subtilis 168 and MRSA USA300. The synergistic antibacterial assay showed that 5c and 6c could enhance the susceptibility of B. sub 168 and MRS USA300 to KAN and CHL (FICI < 0.5).
These results showed that ocotillol-type derivatives 5c and 6c are promising leads to develop novel antibacterial agents against many community-associated and health care-associated infections caused by MRSA USA300. Further studies will be conducted to determine the bactericidal functional mechanisms of these compounds.
